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© Novel copolymers of CO and olefinically unsaturated hydrocarbons. 



@ Novel copolymers of carbon monoxide with 
ethene and with one or more other a-olefln!caliy 
unsaturated hydrocarbons, characterized in that 

a) they have been prepared by the 
copolymerization of carbon monoxide with ethene 
and with one or more unsaturated hydrocarbons (A) 
which contain fewer than 20 carbon atoms and have 
the general formula CH2=C(R6)(CHR7F^8). wherein Re 
represents a hydrocarbyl group and R? and Rg repre- 
sent hydrogen and/or hydrocarbyl groups. 

b) they have a linear structure. 

c) they are made up of units of the formula 
-CO{C2H4)-and units of the general formula -CO-(A> 
, wherein A' represents a monomer unit originating in 
a monomer A used, and 

d) they have melting points of between 150 
—and 245 "C. 
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NOVEL COPOLYMERS OF CO AND OLERNICALLY UNSATURATED HYDROCARBONS 



The invention relates to novet copolymers of 
carbon monoxide with ethene and with one ore 
more defined o-olefinically unsaturated hydrocar- 
tons. 

High moiecular weight linear alternating 5 
copolymers of carbon monoxide and ethene can be 
prepared by using catalyst compositions based 
upon 

^ a palladium compound, 

b) an anion of an add with a pKa of less io 
than 6, and 

c) a bisphosphine of the general formula 
RiR2P-R-PR3R4, wherein Rt-Bt represent hydrocar- 
byi groups wich may or may not be sut>stitut6d 

with polar groups and R represents a bivalent or- 75 
ganic bridging group containing at least two carbon 
atoms in the bridge. 

These copolymers have excellent mechanical 
properties, notably very great strength, stiffness 
and impact resistance. Although they can be rela- 20 
tively easily prepared from very cheap starting 
materials, these copolymers have thus far found no 
commerdat application. This is mainly due to their 
high melting point of about 257 "C and the pro- 
cessing problems resulting therefrom. 25 

An Investigation into these copolymers recently 
carried out by the Applicant has shown that their 
melting point can be reduced to a level of between 
150 and 245 "C by intrududng into the monomer 
mixture from which they are prepared, in addition 30 
to carbon monoxide and ethene, a relatively small 
amount of one or more unsaturated hydrocartx)ns 
(for the sake of brevity referred to as K), which 
hydrocart)ons contain fewer than 20 carbon atoms 
and have the general formula Chb^CHRs. wherein 35 
Rs represents a hydrocarbyr group. The use of the 
afore-mentioned catalyst compositions for such a 
monomer mixture leads to the formation of linear 
polymers with reduced melting points which are 
composed of units of the fonmula -CCHC2H4)-and 4o 
units of the formula -CO-(K>, wherin K' represents 
a monomer unit originating tn a monomer K used. 

The degree to which the melting point is re- 
duced is dependent among other things on the 
value of the quotient m/n, in which m represents 4S 
the average number of units of the general formula 
-CO-(K>and n the average number of units of the 
formula -CO-(C2H4)-present in the copolymer. In the 
case of copolymers of carbon monoxide with 
ethene and a given monomer K. this dependency 50 
means that a change in n must be offset by a 
proportional change in m to achieve similar melting 
point reductions, and that at a constant n the melt- 
ing point reduction observed will be larger or small- 
er with a larger or smaller m. respectively. 



Attempts at arriving at the desired melting 
point reduction by introducing into the monomer ^ 
mixture from which the polymers are prepared, in 
addition to carbon monoxide and ethene, one or 
more unsaturated hydrocarbons (for the sake of 
brevity refen^d to as A) which, like the monomers 
K, contain fewer than 20 carbon atoms, but which 
have tiie general formula CH2=(GR6}{CHR7R8}. 
wherein Re represents a hydrocarbyl group and R7 
and Re represent hydrogen and/or hydrocarbyl 
groups, have until recently remained unsuccessful. 
The use of the above-mentioned catalyst composi- 
tions with such a monomer mixture leads to the 
formation of polymers in which the quotient mi/n is 
lower than 0.0005. In the said quotient m^ repre- 
sents the average number of units of the general 
formula -CO-(A>and n has the meaning given 
hereinbefore. A' represents a monomer unit origi- 
nating in a monomer A used. The extremely small 
amount of monomer A that is incorporated in the 
polymer is insufficient to bring about the desired 
reduction of the melting point 

Continued research into tiits subject has now 
surprisingly' shown that the monomers A described 
hereinbefore can also be used to reduce the melt- 
ing points of linear attemating carbon 
monoxide/ethene copolymers from 257 ^C to a 
value of between 150 and 245 °C. provided that in 
the above-descrit)ed catalyst compositions contain- 
ing an anion of an acid with a pKa of less than 4 as 
the component b). the bisphosphine used as com- 
ponent c) is replaced by a nitrogen-containing 
compound of the general formula 

X Y 
/\ / \ 

N = C - C = N 

wherein X and Y represent similar or dissimilar 
organic bridging groups, each containing three or 
four atoms in the bridge at least two of which are 
carbon atoms. The use of the afore-mentioned 
catalyst compositions containing such a nitrogen- 
containing compound as component c) for a mon- 
omer mixture containing, in addition to cartx>n 
monoxide and ethene, one or more of the mon- 
omers A, leads to the formation of linear J 
copolymers with reduced melting points which are 
composed of units of the formula -C0-(C2HA)-and 
units of the general fonmula -CO-(A'). 

When monomers of type A are used - as also 
tiie case when monomers of type K are used - the 
degree of melting point reduction depends among 
otiier things on the said quotient and thus, when a 
given monomer A is used, the reduction of the 
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melting point within the range 150-245 will be 
bigger according as the quotient has a higher val- 
ue. Furthermore, the degree of melting point reduc- 
tion is dependent on the molecular weights and the 
structures of the type A monomers used in the 

- polymer preparation. 

Briefly stated, the polymers to which the inven- 

- tion relates may be defined as follows: 

a) they have been prepared by the poly- 
merization of carbon monoxide with ethene and 
with one or more unsaturated hydrocarbons (A) 
which contain fewer than 20 carbon atoms and 
have the general fonmula CH2-C(R6)(CHR7R8) in 
which Re represents a hydrocarbyl group and R7 
and Re represent hydrogen and/or hydrocarbyl 
groups. 

b) they have a linear structure. 

c) they are made up of the units of the 
formula -CO-(C2H4hand units of the general fonmula 
-CCKA>. wherein A' represents a monomer unit 
orginating in a monomer A used, and 

d) they have melting points in tiie range of 
from 150 to 245 "C. 

Copolymers tiiat meet the critieria a)-d) are 
novel. 

The present patent application therefore relates 
to novel copolymers of carioon monoxide with 
ethene and with one or more a-olefinically unsatu- 
rated hydrocarbons, which copolymers meet the 
criteria mentioned hereint^efore under a)-d). The 
patent application further relates to the preparation 
of these copolymers as well as to shaped objects 
consisting at least partly of these copolymers. 

The copolymers of the invention have melting 
points which lie between 150 and 245 "C. Pref- 
erence is given to copolymers having melting 
points between 170 and 240 **C and in particular to 
copolymers having melting points between 195 and 
235 'C. 

In tiie copolymers of the invention the units of 
the general formula -CO-{A>may be similar or dis- 
similar. The latter is the case, for instance when in 
the preparation of the copolymers the starting mix- 
ture is a monomer mixture which, in addition to 
carbon monoxide and ethene, contains two or more 
monomers of type A having different numbers of 
carbon atoms. However, even when the mixture to 

/V be polymerized contains only one monomer A. the 

prepared copolymer may include different units of 

L the general fonmula -CO-(A>. If this is the case, the 

different units will have corresponding numbers of 
carbon and hydrogen atoms, but their structures 
will be different, owing, for instance, to isomeriza- 
ti'on. 

Preference is given to copolymers in which all 
the units of ttie general formula -CO-{A')-have the 
same number of carbon atoms. Such copolymers 
can be prepared starting from a monomer mixture 



which contains only one monomer A in addition to 
carbon monoxide and ethene. The monomers A 
which are eligible for use in tiie preparation of tiie 
copolymers of the invention and which can be 

5 represented by tiie general fomiula CH2=C(R6)- 
(CHRtRb) should contain fewer than 20 carbon 
atoms. Monomers A containing fewer than 1 0 car- 
bon atoms are preferred. The hydrocarbyl group Re 
is preferably an alkyi group and if R7 and Rg 

10 represent hydrocarbyl groups, these are preferably 
also alkyt groups. 

Preference is further given to monomers A in the 
general fonnula of which Re represents an alkyI 
group with one or two carbon atoms, R? is a 

15 hydrogen atom and Re is a hydrogen atom or an 
alkyl group with one to four carbon atoms. Exam- 
ples of such monomers A are 
2-methyl propene-1. 2-methyl butene-1. 
2-methyl pentene-1 . 2-etiiyl butene-1 . 

20 2-ethyl pentene-1 and 2.4.4-trimethyI pentene-1. 
Special preference is given to the use of 2-methyl 
propene-1 as monomer A. 

As indicated hereinbefore, the copolymers of 
the invention can be prepared by using a catalyst 

25 composition based upon 

a) a palladium compound. 

b) an anion of an add with a pKa of less 
tiian 4. and 

c) a compound of the general fomnula 

30 

X y 
/ \ / ^ 
N « C - C = N, 

wherein X and Y have the meanings given herein- 

^ before. 

The palladium compound present in the cata- 
lyst compositions as component a) is preferably a 
palladium salt of a cartx>xylic add and in particular 
palladium acetate. 

^ As examples of acids with a pKa of less than 4 
(determined in aqueous solution at 18 *^C} whose 
anions should be present in the catalyst composi- 
tions as component b). may be mentioned, among 
others, mineral acids, such as perchloric acid, sul- 

^ phuric acid, phosphoric acid and nitrous add. sul- 
phonic acids, such as 2-hydroxypropane-2-sul- 
phonic add. para-toluene-sulphonic add, 
methanesulphonic acid and trifluoromethane-sul- 
phonic acid, and carboxylic acids, such as 

^ trifluoroacetic acid, tiichloroacetic add, dich- 
loroacetic acid, difluoroacetic acid, tartaric acid and 
2.5-dihydroxy benzoic add. Preferably, the catalyst 
composition contains an anion of an acid with a 
pKa of less ttian 2 and in particular an anion of a 
sulphonic add. such as para-toiuenesulphonic add. 
or an anion of a carboxylic acid, such as 
trifluoroacetic acid, as the component b). In the 
catalyst compositions component b) is preferably 
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present in a quantity of from 0,5 to 200 and In 
particular of fronn 1,0 to 100 equivalents per gram 
atom of palladium. Component b) may be intro- 
duced into the catalyst compositions either in the 
form of an acid or in the fomn of a salt Bigible 
salts include non-noble transition metal salts. When 
component b) is used as a salt of a non-noble 
transition metal, preference is given to a copper 
salt Optionally, components a) and b) may be 
combined in a single compound. An example of 
such a compound is palladium parartosyiate. 

Preferably, component c) is present in the 
catalyst compositions in a quantity of 0.5*200 and 
in particular 1-50 mol per mol of palladium com- 
pound In component c) the bridging groups X and 
Y are linked by the two carbon atoms shown in the 
general formula. In addition to this bond the bridg- 
ing groups X and Y can be linked by a further 
bond, such as is the case with 1,10-phenanthroline 
and compounds derived therefrom. If, in addition to 
carbon atoms, the bridging groups X and Y contain 
further atoms in the bridge, these atoms are prefer- 
ably nitrogen atoms. Further, preference is given to 
components c) wherein the briding groups X and Y 
are similar. Examples of suitable components c) 
are 2,2'-blpyric£ne and compounds derived there* 
from, such as 

4,4'-dimethyl-2,2'-bipyridine, 
4,4-dichforo-2,2'-bipyridine, 
4,4'-dimethoxy-2.2'-bipyridine and 
4,4'-dicarix)xy-2«2'-bipyridine. 

Further examples of suitable components c) 
that may be mentioned are 1.10-phenanthrollne 
and compounds derived therefrom, such as 
5-chloro-1 ,10*phenanthroline. 
4.7-<iiphenyl-1 ,10-phenanthroline, 
4,7-dimethyl-1 .lO-phenanthroIine, 

2.9- dichloro-l ,1 0-phenanthroline, 

1.10- phenanthrofine-5-sulphonic acid and 
4.7-diphenyl-1 ,10-phenanthroIinedisulphonic acids. 
Examples of other suitable components c) are 
2,2'-biquinoline, 

2- (2-pyridyl)benzimidazole and 

3- (2-pyridyl)-5,6-dipheny 1-1 ,2.4-tria2ine. 

A 2,2'-bipyridine which may or may not be 
substituted or a 1,10-phenanthroBne which may or 
may not be substituted are preferred components 
c). Special preference is given to the compounds 
2,2'-bipyridine and 1.10-phenanthroline. 

Preferably, an organic oxidant is Introduced 
into the catalyst compositions as a compor^nt d). 

As examples of suitable organic oxidants eli- 
gible for use as the components d) in the catalyst 
compositions may be mentioned 1.2-and 1.4- 
quirKjnes, aliphatic nitrites such as methyl nitrite, 
ethyl nitrite, propyl nitrite and butyl nitrite, aromatic 
nltro-compounds such as nitrobenzene nitrotoiuene 
and nttrochlorobenzene and peroxides, such as di- 



tert-butyl peroxide and dicumyl peroxide. Prefer- 
ence is given to quinones and especially 1.4- 
quinones. In addition to substituted or unsubstituted 
benzoquinones other quinones such as naph- 

5 thaquinones and anthraquinones. which may or 
may not be substituted, are eligible for use. Ben- 
zoquinones are preferred, in particular 1.4-ben- 
zoquinones. Examples of suitable compounds of 
this type are: 

10 2,6-dichloro-1 ,4-ben2oquinone. 
tetirachloro-1 .4-benzoquinone, 
2,3-dimethyhl .4-benzoquinon6, 
2.6-dimettiyl-1 .4-ben2oquinone, 
monomethyl-l .4-ben2oquinone, 

T5 trichloro-1 .4-ben2oquinone, 

2,5-dihydroxy-1 ,4-benzoquinone. 
2,5-dihydroxy-3.6-dinitro-l ,4-benzoquinone and 
mononitro-1 ,4-benzoquinone. 

The preferred component d) is 1,4-ben- 

20 zoquinone. 

The quantity of organic oxidant used preferably 
amounts to 1-10 000 and in particular 10-5000 mol 
per gram atom of palladium. 

The preparation of the polymers according to 

25 the invention is preferably carried out in a liquid 
diluent Very suitable Ik^uid diluents are tower al- 
cohols such as methanol and ethanol. 

The quantity of catalyst composition applied in 
the preparation of the polymers may vary within 

30 wide ranges. Per mol of olefinically unsaturated 
compound to be polymerized, a quantity of catalyst 
is used which preferably contains 10~^-10"2 a^d in 
particular 10~^10"^ gram atom of palladium. 

Preferably, the preparation of tiie copolymers 

35 is canied out at a temperature of 20-200 ''C and a 
pressure of 1-200 bar and in particular at a tem- 
perature of 30-150 *C and a pressure of 20-100 
bar. In the mixture to be polymerized the molar 
ratio of the olefinically unsaturated organic com- 

40 pounds relative to carbon monoxide preferably is 
10:1-1:5 and in particular 5:1-1:2. The carbon mon- 
oxide used in the preparation of the polymers ac- 
cording to the invention need not be pure. It may 
contain such contaminants as hydrogen, carbon 

45 dioxicte and nitrogen. 

The invention vin'll now be Illustrated with the 
aid of the following examples. 



50 Example 1 

A carbon monoxide/ethene copolymer was pre- 
pared as follows. A stirred autoclave of 300 ml 
capacity was charged with a catalyst solution com- 
55 prising 

50 ml of methanol. 

0.1 mmol of palladium acetate. 
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0.5 mmol of copper para-tosylate, 

0.15 mmol of 1.3-bis(dlphenylphosphino)propane. 

and 

2 mmol of 1 .4-benzoquinone- 

After any air present in the autoclave had been 
removed by evacuation, ethene was introduced un- 
til a pressure of 20 bar was reached, followed by 
carbon monoxide until a pressure of 50 bar was 
reached. Then the contents of the autoclave were 
brought to 55 "C. After 1 hour the copolymerlzation 
was terminated by cooling to room temperature 
and releasing the pressure. The copolymer formed 
was filtered off. washed with methanol and dried In 
vacuo at room temperature. 
20 g of copolymer having a melting point of 257 
"C was obtained. 



Example 2 

A cartxm monoxide/ethene/2-methyl propene-1 
terpoiymer was prepared substantially rn the same 
way as the copolymer of Example 1, the differ- 
ences being 

a) after the autoclave had been evacuated. 
50 ml of 2-methyl propene-1 was introduced in 
addition. 

b) the reaction temperature was 70 "C in- 
stead of 55 ''C. and 

c) the reaction time was 5 hours instead of 1 
hour. 10 g of terpoiymer having a melting point of 
250 "C was obtained. 



Example 3 

A cart)on monoxide/ethene/2-methyl propene-i 
terpoiymer was prepared substantially in the same 
way as the copolymer of Example 1, except for the 
following differences 

a) a catalyst solution was used which cofr>- 

prised 

30 ml of methanol. 

0.1 mmol of palladium acetate, 

2 mmol of para-toluenesulphonic add, 

3 mmol of 2^ -bipyridine. and 
10 mmol of 1 .4-benzoquinone, 

b) after the evacuation. 50 ml of 2-methyl 
propene-1 was in addition introduced into the aulo- 
clave 

c) ethene was introduced into the autoclave 
until a pressure of 15 bar was reached, followed by 
carbon monoxide until a pressure of 45 bar was 
reached. 

d) the reaction temperature was 90 "C in- 
stead of 55 "C. and 



e) the reaction time was 5 hours instead of l 
hour. 14.2 g of terpoiymer having a melting point of 
225 'C was obtained. 

5 

Example 4 

A carbon monoxide/ethene/2-methyl propone- 1 
terpoiymer was prepared substantially in ttie same 
10 way as the terpoiymer of Example 3. except that 
now a reaction temperature of 75 •C instead of 90 
"C was used. 

13.1 g of terpoiymer having a melting point of 230 
'C was obtained 
15 Of Examples 1-4, Examples 3 arid 4 are exam- 
ples according to the invention; These examples 
afforded carbon monoxide/ethene/2-methyl 
propene-1 terpolymers having melting points be- 
tween 150 and 245 'C. Examples 1 and 2 fall 
20 outside the scope of the invention. They have been 
included in the patent application for comparison 
Example 1 led to the formation of a cartoon 
monoxide/ethene copolymer. Example 2 did lead to 
the formation of a carbon monoxide/etherie/^-meth- 
25 yl propene-1 terpoiymer, but this terpoiymer had a 
melting point higher tiian 245 "C. 

With the aid of ^^c-NMR analysis it was estab- 
lished that the terpolymers prepared according to 
Examples 3 and 4 had a linear structure and were 
30 composed of units of the formula -C0-(C2Hi)-and 
units of the formula -CO-CiHe)-. which units oc- 
curred randomly distributed within the terpolymers. 
The quotient value mi/n of each of the terpolymers 
prepared according to Examples 2-4 was com- 
as puted from the ^^c-nmr data. For the polymers 
prepared according to Examples 2. 3 and 4 these 
values were < 0.0005. 0.03 and 0.022, respectively. 
Thus it is shown tiiat tiie terpolymers have lower 
melting points according as their quotients mi/n are 
40 higher 



Claims 

45 1 . Novel copolymers of carbon monoxide with 

ethene and with one or more other a-olefinically 
unsaturated hydrocarbons, characterized In that 

a) they have been prepared by the 
copolymerization of carbon monoxide with ethene 

50 and with one or more unsaturated hydrocart3ons 
(A) which contain fewer than 20 carbon atoms and 
have the general formula CH2=C(R6)(CHR7R8), 
wherein Re represents a hydrocarbyl group and R? 
and Re represent hydrogen and/or hydrocarbyl 

55 groups. 

b) they have a linear structure. 
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c) ttiey are made up of units of the formula 
-C0-{C2Hi)-and units of the general formula -CO- 
(A>, wherein A' represents a monomer unit origi- 
nating in a monomer A used, and 

d> they have melting points of between 150 
and 245 'C. 

2. Copolymers as claimed in claim 1, char- 
acterized that they have melting points of between 
195 and 235 »C. 

3. Copolymers as claimed in claims 1 or 2. 
characterized in that in the general formula of the 
monomers A Re is an alkyi group with one or two 
carbon atoms, is a hydrogen atom and Re is a 
hydrogen atom or an alkyi group with one to four 
carbon atoms. 

4. Copolymers as claimed in claim 3 character- 
ized in that the monomer A used is 2-^methyl 
propene-1. 

5. Process for the preparation of polymers as 
claimed in claims 1 to 4, characterized in that a 
mixture of cariDon monoxide with ethene and with 
one or more monomers A is polymerized by using 
a catalyst composition based upon 

a) a palladium compound, 

b) an anion of an add with a pKa of less 
than 4. 

c) a compound of the general formula 

X 

/ N / ^ 
N = C - C - N 

wherein X and Y represent similar or dissimilar 
organic bridging groups, each containing three or 
four atoms in the bridge at least two of which are 
carbon atoms, and 

d) optionally an organic oxidant 

6. Process: as claimed in claim 5, characterized 
in that, a catalyst composition is used which Is 
based upon an anion of a sulphonic acid, such as 
para-toluenesulphonic add. or upon an anion of a 
cartx)xylic acid, such as trifluoracetic acid, as the 
component b). 

7. Process as claimed in one or more of claims 
5 or 6. characterized in that a catalyst composition 
IS used in which component b) is present in a 
quantity of from 1.0 to tOO equivalents per gram 
atom of palladium. 

8. Process as claimed in one or more of claims 
5 to 7, characterized in that a catalyst composition 
is used which includes a 2,2'-bipyridine which may 
or may not be substituted or a 1.10-phenanthroline 
which may or may not be substituted, as the com- 
ponent c). 

9. Process as claimed in one or more of claims 
5 to 8, characterized in that a catalyst composition 
is used which includes a 1 .4-quinone, such as 1 ,4- 
benzoquinone, as the component d). 



10. Process as claimed in one or more of 
claims 5 to 9^ characterized in that the molar ratio 
of the olefinlcally unsaturated compounds relative 
to carbon monoxide is 5:1-1:2. 

5 
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